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METHOD AND APPARATUS FOR ORDERED
PARTIAL DETECTION WITH MIMO
COOPERATION

TECHNICAL FIELD

The present application relates generally to relay system
with Multiple-input multiple-output (MIMO) cooperation.

BACKGROUND

As wireless communication devices flourish, there 1s a
need for higher data rates and spectral efficiency. Multiple-
input multiple-output (MIMO) systems can provide higher
data rates and spectral efliciencies 1 wireless communica-
tions systems, and have been playing a significant role 1n a
wide variety of wireless standards.

SUMMARY

Various aspects of examples of the invention are set out 1n
the claims.

According to a first aspect of the present mvention, an
apparatus comprising: at least one processor; and at least one
memory including computer program code, wherein the at
least one memory and the computer program code are con-
figured to, with the at least one processor, cause the apparatus
to perform at least the following: receiving a MIMO (mul-
tiple-input multiple output) encoded symbol vector, the sym-
bol vector encoding a plurality of streams of a source node;
estimating channel matrix between the source node and the
apparatus; re-ordering columns 1n said channel matrix; deter-
mimng a plurality of feedback bits based at least in part on the
re-ordered channel matrix, wherein each bit of the feedback
bits indicates detection or no detection of the corresponding,
antenna streams of the source node; and transmitting the
teedback bits.

According to a second aspect of the present invention, a
method comprising: recerving a MIMO (multiple-input mul-
tiple output) encoded symbol vector, the symbol vector
encoding a plurality of streams of a source node; estimating
channel matrix between the source node and the apparatus;
re-ordering columns in said channel matrix; determining a
plurality of feedback bits based at least 1n part on the re-
ordered channel matrix, wherein each bit of the feedback bits
indicates detection or no detection of the corresponding
antenna streams of the source node; and transmitting the
teedback bits.

According to a third aspect of the present invention, a
computer program product comprising: a computer-readable
medium bearing computer program code embodied therein
for use with a computer, the computer program code com-
prising: code for recerving a MIMO (multiple-input multiple
output) encoded symbol vector, the symbol vector encoding a
plurality of streams of a source node; code for estimating,
channel matrix between the source node and the apparatus;
code for re-ordering columns 1n said channel matrix; code for
determining a plurality of feedback bits based at least in part
on the re-ordered channel matrix, wherein each bit of the
teedback bits indicates detection or no detection of the cor-
responding antenna streams of the source node; and code for
transmitting the feedback bits.

According to a fourth aspect of the present invention, an
apparatus comprising: at least one processor; and at least one
memory including computer program code, wherein the at
least one memory and the computer program code are con-
figured to, with the at least one processor, cause the apparatus
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to perform at least the following: receiving a MIMO (mul-
tiple-input multiple output) encoded symbol vector, the sym-
bol vector encoding a plurality of streams of a source node;
receiving a plurality of feedback bits which indicate detection
or no detection of the corresponding antenna streams of the
source node; detecting the received symbol vector for the

streams where the feedback bits indicate detection; and trans-
mitting the detected symbol vector.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of example embodi-
ments of the present invention, reference 1s now made to the
following descriptions taken 1n connection with the accom-
panying drawings in which:

FIG. 1 1s a block diagram depicting an electronic device
operating in accordance with an example embodiment of the
imnvention;

FIG. 2 1s a block diagram illustrating a wireless relay
network operating in accordance with an example embodi-
ment of the invention;

FIG. 3a 1s a block diagram 1llustrating a first data transmis-
s10n between nodes operating 1n accordance with an example
embodiment of the invention;

FIG. 3b 15 a block diagram 1llustrating a second data trans-
mission between nodes operating in accordance with an
example embodiment of the invention;

FI1G. 4 1s a flow diagram 1llustrating an example method for
receiving and processing multi-stream data 1n accordance
with an example embodiment of the invention;

FIG. 515 a flow diagram 1llustrating an example method for
receiving and processing multi-stream data 1n accordance
with another example embodiment of the invention;

FIG. 6 1s a flow diagram 1llustrating an example method for
combining two multi-stream data in accordance with an
example embodiment of the invention; and

FIG. 7 1s a chart 1llustrating the Bit Error Rate (BER) for a
16-QAM (Quadrature Amplitude Modulation) system with 4
antennas 1n accordance with an example embodiment of the
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

An example embodiment of the present invention and 1ts
potential advantages are understood by referring to FIGS. 1
through 7 of the drawings.

FIG. 1 1s a block diagram depicting an electronic device
100 operating 1n accordance with an example embodiment of
the mvention. In an example embodiment, the electronic
device 100 comprises a processor 110 or other processing
component. In an example embodiment, the electronic device
100 may comprise multiple processors, such as processor
110.

In an embodiment, the electronic device 100 comprises
memory 120. For example, the electronic device may com-
prise volatile memory, such as random access memory
(RAM). Volatile memory may comprise a cache area for the
temporary storage of data. Further, the electronic device 100
may also comprise non-volatile memory, which may be
embedded and/or may be removable. The non-volatile
memory may also comprise an electrically erasable program-
mable read only memory, flash memory, and/or the like. In an
alternative embodiment, the processor 110 may comprise
memory. For example, the processor 110 may comprise vola-
tile memory, non-volatile memory, and/or the like.

The electronic device 100 may use at least one memory to
store one or more computer program code 140. In accordance
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with computer program code 140, the processor 110 may
perform embodiments of the present invention.

The electronic device 100 may communicate over a radio
link to a wireless network using one or a plurality of antennas.
The electronic device 100 may have one or a plurality of
antennas 150. Such antennas may be separated into recerve-
only antennas, transmit-only antennas, or transmit/receive
antennas.

In an embodiment, the processor 110 of the electronic
device 100 may comprise circuitry for implementing audio
teature, logic features, and/or the like. For example, the pro-
cessor 110 may comprise a digital signal processor device, a
microprocessor device, a digital to analog converter, other
support circuits, and/or the like. In an embodiment, control
and signal processing features of the processor 110 may be
allocated between devices, such as the devices describe
above, according to their respective capabilities. Further, the
processor 110 may also comprise an internal voice coder
and/or an iternal data modem. Further still, the processor
110 may comprise features to operate one or more software
programs. For example, the processor 110 may be capable of
operating a soitware program for connectivity, such as a
conventional Internet browser. Further, the connectivity pro-
gram may allow the electronic device 100 to transmit and
recerve Internet content, such as location-based content, other
web page content, and/or the like. In an embodiment, the
clectronic device 100 may use a wireless application protocol
(WAP), hypertext transfer protocol (HT'TP), file transter pro-
tocol (FTP) and/or the like to transmit and/or receive the
Internet content.

In an embodiment, the electronic device 100 may be
capable of operating 1n accordance with any of a number of a
first generation commumnication protocol, a second generation
communication protocol, a third generation communication
protocol, a fourth generation communication protocol, and/or
the like. For example, the electronic device 100 may be
capable of operating in accordance with second generation
(2G) commumnication protocols IS-136, time division mul-
tiple access (TDMA), global system for mobile communica-
tion (GSM), IS-95 code division multiple access (CDMA),
and/or the like. Further, the electronic device 100 may be
capable of operating in accordance with third-generation

(3G) communication protocols, such as Universal Mobile
Telecommunications System (UMTS), CDMAZ2000, wide-
band CDMA (WCDMA), time division-synchronous CDMA
(TD-SCDMA), and/or the like. Further still, the electronic
device 100 may also be capable of operating in accordance
with 3.9 generation (3.9G) wireless communication proto-
cols, such as Evolved Universal Terrestrial Radio Access
Network (E-UTRAN) or the like, or wireless communication
projects, such as long term evolution (LTE) or the like. Still
turther, the electronic device 100 may be capable of operating
in accordance with fourth generation (4G) communication
protocols.

In an alternative embodiment, the electronic device 100
may be capable of operating 1n accordance with a non-cellu-
lar communication mechanism. For example, the electronic
device 100 may be capable of communication 1n a wireless
local area network (WLAN), other communication networks,
and/or the like. Further, the electronic device 100 may com-
municate in accordance with techniques, such as radio ire-
quency (RF), infrared (IrDA), any of a number of WLAN
techniques. For example, the electronic device 100 may com-
municate using one or more of the following WLAN tech-
niques: IEEE 802.11, e.g., 802.11a, 802.11b, 802.11g,
802.11n, and/or the hke Further, the electronic dewce 100

may also communicate, via a world interoperability, to use a
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microwave access (WiMAX) technique, such as IEEE
802.16, and/or a wireless personal area network (WPAN)
technique, such as IEEE 802.13, BlueTooth (BT), ultra wide-
band (UWB), and/or the like.

It should be understood that the communications protocols
described above may employ the use of signals. In an example
embodiment, the signals comprises signaling information 1n
accordance with the air interface standard of the applicable
cellular system, user speech, received data, user generated
data, and/or the like. In an embodiment, the electronic device
100 may be capable of operating with one or more air inter-
face standards, communication protocols, modulation types,
access types, and/or the like. It should be further understood
that the electronic device 100 1s merely 1llustrative of one type
of electronic device that would benefit from embodiments of
the invention and, therefore, should not be taken to limit the
scope of embodiments of the invention.

While embodiments of the electronic device 100 are 1llus-
trated and will be heremafter described for purposes of
example, other types of electronic devices, such as a portable
digital assistant (PDA), a pager, a mobile television, a gaming
device, a camera, a video recorder, an audio player, a video
player, a radio, a mobile telephone, a traditional computer, a
portable computer device, a global positioning system (GPS)
device, a GPS navigation device, a GPS system, a mobile
computer, a browsing device, an electronic book reader, a
combination thereof, and/or the like, may be used. While
several embodiments of the mvention may be performed or
used by the electronic device 100, embodiments may also be
employed by a server, a service, a combination thereof, and/or
the like.

FIG. 2 1s a block diagram illustrating a wireless relay
network operating in accordance with an example embodi-
ment of the invention. FIG. 2 illustrates an example relay
network with three nodes: source S, relay R and destination
D. The source node S transmits a MIMO encoded message,
which 1s received by both the relay node R and the destination
node D. In this example, the source S, relay R and destination
D are equipped with Ms, Mr and Md antennas respectively.

As 1llustrated 1n FIG. 2, the channel matrices between the
source S and the relay R, the relay R and the destination D,
and the source S and the destination D are denoted respec-
tively by Hsr, Hrd and Hsd. The sizes of channel matrices Hsr,
Hrd and Hsd are MrxMs, MdxMr and MdxMs, respectively.

In accordance with cooperative MIMO transmissions, the
relay R will decode the recetved MIMO message, and then
re-encode and re-transmit the MIMO message to the destina-
tion D.

In this scenario, the Hsr matrix 1s known in the relay R; and
Hsd and Hrd matrices are known 1n the destination D. There-
fore, the recervers of each communication link have complete
channel knowledge, with the exception that the destination D
1s not aware of the ordering of the Hsr column norms in the
relay R. The ordering information may assist the destination
D to restore the detected streams to their original order. The
norms of the channel matrix may change at a slower rate than
the actual channel coellicients, and requires smaller number
of bits. Thus, the ordering information can be communicated
from the relay R to the destination D through a low rate
control channel.

An embodiment of the present invention allows the relay R
to perform a partial decoding of channel matrix Hsr and
provide the partial decoding to destination D. The communi-
cation between the source S and the destination D 1s per-
formed 1n two time slots. In the first time slot, the source S
broadcasts 1ts message to both the relay R and the destination
D; and in the second time slot, the relay R transmits 1ts
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message to the destination D while the source S 1s silent. The
relay R may use M=<MTr subset of its antennas for the trans-
mission.

More details regarding this embodiment are shown in FIG.
3a and FIG. 35. In the first time slot, as shown 1n FIG. 34, the
relay R and destination D each receive a copy of the source
multi-stream data, wherein each stream of data corresponds
to the data from each antenna of source S. The source multi-
stream data 1s represented as symbol vector X =[x, . . ., X, ],
which encodes a plurality of streams of the source S, where x,
1s the encoded symbol from antenna 1 and x, ,_ 1s the encoded
symbol from antenna Ms. The relay R detects part of the
transmitted message, the detected part of the transmitted mes-
sage 1s referred to as vector xr and will be discuss in further
detail 1n description of FIG. 5. The destination D also detects
the transmitted message, further detail will be discussed in
description of FIG. 4.

In the second time slot the relay R transmits the detected
vector xr to the destination D, as 1llustrated in FIG. 35. The
destination D detects the vector received from the relay R, and
then combines with the detected vector received from source
S during the first time slot. This process will be described 1n
turther detail below.

FI1G. 4 1s a flow diagram 1llustrating an example method for
receiving and processing the multi-stream data as performed
by the destination D 1n accordance with an example embodi-
ment of the mvention. Example method 400 may be per-
formed by an electronic device, such as electronic device 100
of FIG. 1.

At block 410, the destination node D receives a MIMO
encoded symbol vector from the source S.

At block 411, the destination D estimates the channel
matrix Hsd between the source S and the destination D. In an
example embodiment, the channel matrix estimation 1s based
on pilot channel or reference symbols. The pilot channel or
reference symbols assisted channel estimation 1s merely 1llus-
trative of one type of technique that may be used to estimate
the channel matrix and, therefore, should not be taken to limait
the scope of embodiments of the invention.

At block 412, the destination D re-orders the columns of
channel matrix Hsd. Let P denote the re-ordered channel
matrix. In an example embodiment, the first column of the
matrix, P(1), has the weakest effective Signal-Noise-Ratio
(SNR), and the last column of the matrix, P(Ms), has the
highest effective SNR. Various techniques may be used to
re-order the columns of channel matrix Hsd. In an example
embodiment, a sorted QR decomposition 1s used to perform
the re-ordering, where Q 1s a unitary matrix, R 1s an upper
triangle matrix and Hsd=Q-R. The sorted QR decomposition
uses Gram-Schmidt method for QR decomposition. In addi-
tion, it exchanges the columns according to the column norms
in every step ol the Gram-Schmidt method. In another
example embodiment, the V-BLAST ordering may be used to
perform the re-ordering. The sorted QR decomposition and
V-BLAST are merely illustrative of two types of re-ordering,
techniques that may be used to reorder the columns of the
channel matrix and, therefore, should not be taken to limait the
scope of embodiments of the invention.

At block 413, the destination D determines the values of a
plurality of feedback bits based at least in part on the re-
ordered channel matrix. In an example embodiment, values of
teedback bits for each antenna of the source S are determined.
In this example embodiment the number of feedback bits
equals to Ms, which i1s the number of transmit antennas 1n
source S. In an example embodiment, a predefined number of
the re-ordered columns with the weakest SNR are selected,
and the feedback bits for the selected columns are set to
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indicate detection of the corresponding antenna streams from
the source node, while the feedback bits for the rest of the
re-ordered columns are set to no detection of the correspond-
ing antenna streams from the source node. In an example
embodiment, a value of 1 indicates that the SNR from the
corresponding antenna 1s among a predetermined number of
the weakest SNRs from source S. In an example embodiment,
a value of 0 indicates that the SNR from the corresponding
antenna 1s not among a predetermined number of the weakest
SNRs from source S.

For example, for a scenario where Ms 1s 4 and a predefined
number of the re-ordered columns with the weakest SNR 1s 2,
when the weakest SNR are from antenna 1 and 3, the feedback
bits may be setto [1010], where bit value 1 indicates detection
and 0 indicates no detection. The setting of feedback bits 1s
merely 1llustrative of one type of settings that operates in
accordance with embodiments of the invention and, there-
fore, should not be taken to limait the scope of embodiments of
the mvention. For example, the feedback bits may be coupled
with other control information transmitted from the destina-
tion D.

At block 414, the destination D transmits the plurality of
teedback bits to relay R. The example method 400 ends.

FIG. 51s a flow diagram 1llustrating an example method for
receiving and processing the multi-stream data as performed
by the relay R 1n accordance with an example embodiment of
the invention. Example method 500 may be performed by an
electronic device, such as electronic device 100 of FIG. 1.

At block 510, the relay R receives a MIMO encoded sym-

bol vector from the source S.
At block 511, the relay R recetves a plurality of feedback
bits transmitted from the destination D. In an example

embodiment, relay R recetves the plurality of feedback bits
transmitted from destination D at block 414 of FIG. 4. In an

example embodiment, the plurality of feedback bits indicates

detection or no detection of the corresponding antenna
streams from source S.

At block 512, the relay R detects the received encoded
symbol vector for the streams where the feedback bits 1ndi-
cate detection. In an example embodiment, 11 a feedback bit

indicates detection of the corresponding stream from an
antenna 1n the source node, the relay R performs detection for
the antenna stream. In an example embodiment, if a feedback
bit indicates no detection of the corresponding stream from an
antenna 1n the source node, the relay R does not perform
detection for the antenna stream. If the number of feedback
bits which indicate detection of the corresponding antenna
streams 1s denoted as ef, then the detected symbol vector can
berepresented as X, =[x, ..., X 4. Forexample, fora scenario
where source S 1s equipped with four transmit antennas
(Ms=4), when the recerved feedback bits are [1010], wherein
bit value 1 indicates detection and 0 indicates no detection,
the relay R performs detection for antenna 1 and 3, while the
relay R does not perform detection for antenna 2 and 4.
Because the relay R does not perform detection for the
streams where the feedback bits indicate no detection, the
computation may be reduced compared with the scenario that
the relay R performs detection for all antenna streams.

At block 513, the relay R transmits the detected symbol
vector xr to destination D. In the example above, the relay R
transmits the detected symbols for antennas 1 and 3 of source
S to destination D. The example method 500 ends.

FIG. 6 1s a flow diagram 1llustrating an example method for
combining the two multi-stream data from source S and the
relay R as performed by the destination D in accordance with
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an example embodiment of the invention. Example method
600 may be performed by an electronic device, such as elec-

tronic device 100 of FIG. 1.

At block 610, the destination D receives a MIMO encoded
symbol vector from source S.

At block 611, the destination D receives a second MIMO

symbol vector from relay R. In an example embodiment,
destination D receives the MIMO symbol vector transmitted

from relay R at block 513 of FIG. 5.

At block 612, the destination D combines the received
symbol vector from source S and the received second symbol
vector from relay R. In an example embodiment, the feedback
bits are set to detection for a predefined number of antennas
with the weakest SNR of source S. In this example embodi-
ment, the relay R re-transmits the data for the predefined
number of antennas with the weakest SNR to destination D.
With the multiple copies of data, the probabilities of correctly
decoding the original data may be enhanced at the destination
D. In an example embodiment, the destination D employs
Maximum Radio Combining (MRC). The MRC 1s merely
illustrative of one type of techmique that may be used to

perform combining and, therefore, should not be taken to
limait the scope of embodiments of the invention. The example

method 600 ends.

FI1G. 7 1s a chart of Bit Error Rate (BER) of an embodiment
compared to a direct link method and a full detect-and-for-
ward method. In the direct link method, no relay 1s used. In the
full detect-and-forward method, all streams from the source
node are detected and forwarded to the destination by the
relay node. The simulation utilized a 4x4 antennas and
16-QAM system. Different ratio of power splitting 1s used for
a proper comparison of processing power when comparing
the different methods. The power splitting ratio for the coop-
erative partial detection p_,, 1s calculated as

ef
Hepg =1 —(1 _#fdf)'E

where ... 1s the power splitting ratio for full detect-and-
forward case, ef 1s the number of weakest antennas and Ms 1s
the number of transmit antennas from the source S. In FIG. 7,
simulations for ef equals to 2 and 3 are performed; therefore,
the relay detects and forwards 2 and 3 streams to the destina-
tion, respectively. The chart in FIG. 7 suggests both the coop-
erative scenarios improve the performance compared to the
base direct link scenario. The improvement varies between 4
and 5 dB for high range of transmit power. Both the coopera-
tive scenarios have close performance with full detect-and-
torward method, the performance for ef=3 1s almost 1dentical
to that of full detect-and-forward, while the performance for
e1=2 1s within 1 dB from that of full detect-and-forward.

Although the embodiments have been described in terms of
one relay, other embodiments may include multiple coopera-
tive relays working between the source S and the destination
D.

Without 1n any way limiting the scope, interpretation, or
application of the claims appearing below, a technical efl

ect
of one or more of the example embodiments disclosed herein
may be enabling partial detection at a relay node and therefore
reduce computations at the relay node. Another techmical
elfect of one or more of the example embodiments disclosed
herein may be enabling the destination node to improve the
probabilities of correctly decoding the original data at the
destination node by combining multiple copies of data from
source node and relay node.
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Embodiments of the present invention may be imple-
mented 1n software, hardware, application logic or a combi-
nation of software, hardware and application logic. The soft-
ware, application logic and/or hardware may reside on an
clectronic device or a personal key. If desired, part of the
soltware, application logic and/or hardware may reside on an
clectronic device and part of the software, application logic
and/or hardware may reside on a personal key. In an example
embodiment, the application logic, software or an instruction
set 1s maintained on any one of various conventional com-
puter-readable media. In the context of this document, a
“computer-readable medium™ may be any media or means
that can contain, store, communicate, propagate or transport
the instructions for use by or in connection with an instruction
execution system, apparatus, or device. A computer-readable
medium may comprise a computer-readable storage medium
that may be any media or means that can contain or store the
instructions for use by or in connection with an instruction
execution system, apparatus, or device.

If desired, the different functions discussed herein may be
performed 1n a different order and/or concurrently with each
other. Furthermore, 11 desired, one or more of the above-
described functions may be optional or may be combined.

Although various aspects of the invention are set out in the
independent claims, other aspects of the invention comprise
other combinations of features from the described embodi-
ments and/or the dependent claims with the features of the
independent claims, and not solely the combinations explic-
itly set out in the claims.

It 1s also noted herein that while the above describes
example embodiments of the mvention, these descriptions
should not be viewed 1n a limiting sense. Rather, there are
several varations and modifications which may be made
without departing from the scope of the present invention as
defined 1n the appended claims.

What 1s claimed 1s:
1. An apparatus, comprising;
at least one processor; and
at least one memory including computer program code,
wherein the at least one memory and the computer program
code are configured to, with the at least one processor,
cause the apparatus to perform at least the following;:

receving, at a first node, a multiple-input multiple output
signal vector, the signal vector comprising a plurality of
streams from a second node;

estimating, at the first node, a channel matrix representa-

tive of a channel between the second node and the first
node, the channel matrix comprising a plurality of col-
umns, wherein each of the plurality of columns repre-
sents one of the plurality of streams;

selecting, at the first node, based on a signal-to-noise ratio

of each of the plurality of columns, a predetermined
quantity of the plurality of columns, wherein for each
selected column, a feedback bit 1s set to a first value to
cause detection at a third node of the one of the plurality
of streams sent from the second node; and
transmitting the feedback bits to the third node.

2. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured to,
with the at least one processor, cause the apparatus to further
perform:

receving a second multiple-input multiple output signal

vector from the third node; and

combining the received signal vector from the second node

and the receiwved second signal vector from the third
node.
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3. The apparatus of claim 2, wherein the combining com-
prises maximal ratio combining.

4. The apparatus of claim 1, further comprising:

re-ordering, at the first node, one or more of the plurality of

10

unitary matrix, R 1s an upper triangle matrix, and the channel
matrix 1s represented by a matrix multiplication of Q and R.

11. A non-transitory computer-readable medium compris-
ing program code which when executed by a processor pro-

columns of the channel matrix according to the signal- 5 vyjde operations comprising:

to-noise ratio associated with each of the plurality of
columns.

5. The apparatus of claim 4, wherein the re-ordering one or
more of the plurality of columns of the channel matrix 1s
based on at least a sorted QR decomposition, wherein QQ 1s a
unitary matrix, R 1s an upper triangle matrix, and the channel
matrix 1s represented by a matrix multiplication of Q and R.

6. A method, comprising:

receiving, at a first node, a multiple-input multiple output

signal vector, the signal vector comprising a plurality of
streams from a second node;

estimating, at the first node, a channel matrix representa-

tive of a channel between the second node and the first
node, the channel matrix comprising a plurality of col-
umns, wherein each of the plurality of columns repre-
sents one of the plurality of streams;

selecting, at the first node, based on a signal-to-noise ratio

of each of the plurality of columns, a predetermined
quantity of the plurality of columns, wherein for each
selected column, a feedback bit 1s set to a first value to
cause detection at a third node of the one of the plurality
of streams sent from the second node; and

transmitting the feedback bits to the third node.

7. The method of claim 6, further comprising;

receiving a second multiple-input multiple output signal

vector from the third node; and

combining the recerved signal vector from the second node

and the receiwved second signal vector from the third
node.

8. The method of claim 7, wherein the combining com-
prises maximal ratio combining.

9. The method of claim 6, further comprising;

re-ordering, at the first node, one or more of the plurality of

columns of the channel matrix according to the signal-
to-noise ratio associated with each of the plurality of
columns.

10. The method of claim 9, wherein the re-ordering one or
more of the plurality of columns of the channel matrix 1s
based on at least a sorted QR decomposition, wherein Q 1s a

10

15

20

25

30

35

40

receving, at a {irst node, a multiple-input multiple output
signal vector, the signal vector comprising a plurality of
streams from a second node;

estimating, at the first node, a channel matrix representa-

tive of a channel between the second node and the first
node, the channel matrix comprising a plurality of col-
umns, wherein each of the plurality of columns repre-
sents one of the plurality of streams;

selecting, at the first node, based on the signal-to-noise

ratio of each of the plurality of columns, a predetermined
quantity of the plurality of columns, wherein for each
selected column, a feedback bit 1s set to a first value to
cause detection at a third node of the of one of the
plurality of streams sent from the second node; and
transmitting the feedback bits to the third node.
12. The non-transitory computer readable medium of claim
11, further comprising:
recerving, at the first node, a second multiple-input mul-
tiple output signal vector from the third node; and

combining, at the first node, the recerved signal vector from
the second node and the received second signal vector
from the third node.

13. The non-transitory computer readable medium of claim
12, wherein the combining comprises maximal ratio combin-
ng.

14. The non-transitory computer readable medium of claim
11, further comprising;:

re-ordering, at the first node, one or more of the plurality of

columns of the channel matrix according to the signal-
to-noise ratio associated with each of the plurality of
columns.

15. The non-transitory computer readable medium of claim
14, wherein the re-ordering the one or more of the plurality of
columns of the channel matrix is based on at least a sorted QR
decomposition, wherein QQ 1s a unitary matrix, R 1s an upper
triangle matrix, and the channel matrix 1s represented by a
matrix multiplication of Q and R.
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